Abstract Wireless GIS services have been evolving from scientific and technological perspectives through the last two decades. These services include both the location-based services (LBS) and the mobile field-based GIS. Whereas the former provides the user with the capability to access and query the already established enterprise geo-database, the latter enables the end user not only to access and query but also to update the geo-database by a near real-time spatial and non-spatial data. However, to establish a mobile field-based GIS facility, a concise system architecture should be designed. This architecture includes client-side components, wireless communication facility, and server components. The integration and automation of these components can provide the capability to collect, update, validate, and query the enterprise geo-database remotely in a near real-time mode. One of the potential fields of applications for the mobile field-based GIS is the crisis management process. A prescribed system has been previously defined as emergency response cycle for managing both the natural and the man-made crises. Three phases of the emergency response cycle are outlined which are the response and rescue phase, the recovery and reconstruction phase, and mitigation and preparedness phase. In each phase, various tasks are undertaken based on the type of the event.
Introduction
Through the last few decades, considerable geospatial data have been developed by various governmental and non-governmental entities. Maps and remote sensing imagery represent the main sources of GIS layers for building the comprehensive geo-databases. Although these data sources provided by the GIS community and the decision makers with valuable spatial and attributable data, the absence of a source of near real-time data represents a major gap for individual, GIS specialists, scientists, and the decision makers as well especially in the crises management processes. Then, the mobile field-based GIS can play a critical role through these processes.
The early work on Mobile GIS applications was mainly used as a guide or location-aware system. For instance, the CYBER-GUIDE touristic navigation system was the first application developed to use the location as an important piece of information to help tourists navigate (Long, 1996) . The system relied on both an indoor part relying on infrared (IR) beacons and an outdoor part relying on geographic positioning system (GPS) receiver to provide location information. GUIDE was another mobile application system that was developed to act as a touristic guide for the Lancaster city (Cheverst et al., 2000) . MOBIS was another Mobile GIS-based application system similar to GUIDE system that was developed to be running over the PDA's. MOBIS was implemented and designed for indoor uses only to give rich information about some features inside a specific building such as museums (Frank et al., 2004) . The Mobile GIS-based applications that were developed later were a little bit enhanced such as: Hyper-interaction within physical space (HIPS) (Not et al., 1998) , Nexus spatial-aware application (Hohl et al., 1999) , intelligent labeling explorer (ILEX) (Cox et al., 1999) , and wireless data field collections (Zingler et al., 1999) . Although these systems provided valuable information about the spatial characteristics of a given place to the user they have various shortcomings. These shortcomings include:
These systems are static systems and are not dynamic systems. Generally, the Geographic Information Systems deal with static information or static objects. Static objects are defined as objects that have low rate of change over time (Owens et al., 2009 ). They do not respond to the user requirements in the field. Since there is no means of communication between the handheld devices (client-side) at the field and the geospatial data servers (server-side) such as (Wi-Fi, GSM, GPRS, and 3G), the client-side cannot exchange the geospatial information in real-time with the server-side, and These systems require expensive infrastructure, such as laptops or handheld devices with high processing, high GIS functionality, and high storage specifications.
With these shortcomings, these old systems were not totally qualified to be used for the near real-time monitoring of the natural or the man-made crises. The Mobile GIS technology nowadays can represent a potential alternative to fill the gaps of the traditional static mobile GIS systems. These systems are capable of providing the GIS systems by the near real-time data about various spatial features such as street networks, hospitals, cinemas, schools, and business markets. With the mobile GIS technology, the emergency workers, inspectors, maintenance teams, utility crews, fire fighters, and many other field workers have the potential to access the enterprise geospatial data at the server-side to accomplish their tasks with high level of accuracy. More importantly, updating these geospatial enterprises is feasible. Since the introduction of these technologies to the community (early 2000), new revolution has been accomplished through the last few years on the Mobile GISbased technology by means of hardware and software.
From the hardware perspective, the size of the GPS receiver has been minimized, and the wired GPS has been replaced by the wireless Bluetooth GPS technology. Another progress that has been made on the Mobile GIS-based technology is impeding the GPS receivers in highly sophisticated digital cameras. In parallel to the advancement of hardware, various software applications have been developed as well. Instead of using the traditional programming language for processing and extracting information using the old hardware, the friendly window interface ArcIMS GIS functions and operations are now adapted to accommodate the advancement of the hardware of the Mobile GIS. These advancements initiated multiple avenues of various applications such as observation and monitoring (Nihei et al., 2003) , fire fighting (SauvagnarguesLesage et al., 2001) , scientific and public responses to the natural crisis such as volcanic crisis (De la Cruz-Reyna, 2008) and air toxics crisis management (Fisher et al., 2006) . However, before using the Mobile GIS-based applications, it is necessary to identify and differentiate between the various types of the Mobile GIS technologies.
The Mobile GIS has two main categories of applications: the field-based GIS and the location-based services (LBS). The field-based GIS is mainly concerned about collecting, validating, and updating the GIS data in the field. For instance, adding new point feature or street polyline feature and changing or updating its existing attribute data are field-based GIS tasks. Unlike the field-based GIS, the LBS is concerned mainly about retrieving information regarding specific spatial feature such as finding specific location or defining paths between sources and destinations. The main difference between the field-based GIS and the LBS is that the field-based GIS is capable of editing the geospatial data and/or add new spatial features in the field (Tsou, 2004) . The main goal of this research is to design a mobile field-based GIS system through the integration of establishing Geo-databases and the collected near real-time data via the web as well as to test this system for establishing a proposed scenario for managing a selective past fire event in El-Nuzha District, Cairo, Egypt.
Study area
The study area is geographically located between 31 19 30 to 31 29 30 E and 30 5 0 to 30 09 0 N. It includes many sensitive entities such as the Arab Academy buildings and their surroundings, Cairo international airport, Almaza Airport, and many business markets and hotels. Along with these sensitive entities, the Sheraton Exchange Center is located as well in the middle of the study area (Fig. 1 ). These locations represent daily target areas for numerous people. In 2006, a tragic fire event occurred in the Sheraton Exchange Center. That event resulted in a significant loss of property. The mobile fieldbased GIS system will be used through conducting the major conceptual framework of the emergency response cycle proposed by Cutter (2003) . The main goals are the demonstration of the mechanism and the validation of the mobile field-based GIS in an important field of application which are the crisis management processes particularly through the short time period immediately after the occurrence of the crisis.
Conceptual framework and methodology

The mobile field-based GIS
The conceptual design of the mobile field-based GIS architecture uses the same architecture concept of the GIS web application via the internet because it relies on the same client/ server architecture. The server-side provides a comprehensive geospatial data and performs online spatial requests such as spatial query, find, measure, and proximity analysis based on the online requests made by the end users at the client-side. On the other hand, the end user at the client-side can display and navigate through different GIS layers of the geospatial data hosted by the server-side. The major components of the mobile field-based GIS system are presented in (Fig. 2) . These components include.
Server-side components
The sever-side is composed mainly of three main components which are the hardware, software, and the geospatial data set. In this research, a personnel portable computer that has a wireless communication facility (Wi-Fi wireless communication facility) has been used. This computer functioned as a geospatial data server. The ESRI ArcIMS is the software Figure 1 Study area (El-Nozha, Cairo, Egypt). component which represents the internet-based server. The ArcIMS is an internet-based server that is responsible for the distribution and manipulation of geospatial data worldwide via the internet or locally via the intranet or private networks. ArcIMS can also provide geospatial data in real-time to be accessed by a GIS user anywhere without downloading the geospatial data (Cai, 2005; Tsou, 2004) . The geospatial data sets represent the various spatial features in the study area. These data have been represented as points, lines, and polygons in either shapefile or geo-databse formats.
Wireless communication facilities
The communication between both the server-side and the client-side occurred through the wireless local area network (WLAN) using the Wi-Fi technology that is embedded inside the server-side hardware (Fig. 2) . A WLAN with appropriate standard has been used for the efficient data transmission rate. The WLAN (Wi-Fi) provides accessibility to the geospatial data hosted at the server-side at higher bandwidth up to 54 Mb/s (Cutter, 2003; Tsou, 2004) .
Client-side components
The client-side components comprise two hardware components which are the personal digital assistant (PDA) that represents the handheld device and the global positioning system (GPS) (Fig. 2) . The personal digital assistant (PDA) was the main handheld device used in the client-side. This handheld device includes the same impeded WLAN communication facility as the laptop of the server-side. The GPS is an integral component attached to the handheld devices at the client-side. As an integral component, GPS either occurs as external components of the PDA or occurs as an impeded component inside the PDA. In the former case, the GPS should be wired or connected to the PDA via one of the wireless PDA component facilities such as the Bluetooth. In the latter case, the GPS is already impeded as an internal component of the PDA. The GPS functions basically for two main purposes; firstly for obtaining highly accurate geospatial data from the field and secondly for tracing and delineating the various spatial features in the location of the event. Both the PDA and the GPS require a particular software. The PDA at the client-side operates using the ESRI ArcPAD GIS software. The ArcPAD software functions to manage the field-collected data (at the client-side); and acquires and analyzes the geospatial data stored at the server-side. To acquire the data collected by the GPS using the ArcPAD, the PDA should be equipped as well by the Bluetooth facility that functions using the software ActiveSync. The ActiveSync software is mainly functioning as an application for data synchronization between the handheld devices (client-side) and the laptop computers (serverside). The ActiveSync is a free software and is downloadable from the internet to be used on both client-side and server-side as well. This software is used to wireless transmit the data collected by the GPS into the PDA using the ArcPAD interface. This system architecture can be used efficiently in one of the potential application disciplines which is the crisis management process.
A proposed methodology
The validity of using the mobile field-based GIS system in the crisis management process requires applying a prescribed system for both the natural and man-made events. The conceptual framework of the emergency response cycle proposed by Cutter (Cutter, 2003) has been adopted to apply on the fire event of the Sheraton Exchange Center last 2006. This cycle comprises three phases which are the rescue and response phase, the recovery and construction phase, and the mitigation and preparedness phase. In this research, the capabilities of the mobile field-based GIS to help the Emergency Operation Center manage the fire event have been introduced for selective actions only in the response phase. These actions include.
Path selection: Three GIS layers were used to identify the shortest paths between the fire stations and the location of the fire event. These layers are the polyline street network, the point GIS layer representing location of the fire stations, and the point GIS layer of the Sheraton Exchange Center. Preliminary assessment of the extent of damage using the already established geo-database: The GIS BUFFER analytical tool was used to identify the proposed preliminary spatial extents of the fire event at the server-side in the Emergency Operation Center. Accurate assessment of the extent of damage using the integration between the already established geo-database and the mobile field GIS tools: The handheld device which is the personal digital assistant (PDA) holding the GIS Arc-PAD software and the GPS along with the Bluetooth communication facilities were integrated to delineate and update the spatial extent of the hazard zone, and eventually transmit the boundary of this zone into the server-side in the Emergency Operation Center.
Results and discussion
The crisis management process is a complex process because it is not an individual action. Rather, it is a set of collaborative actions that are concerned about rescuing and saving lives and property before, during, and after the crisis (Reddy et al., 2008) . The crises are either natural such as Tsunamis, earthquakes, volcanoes, and landslides or man-made such as the one on September 9th occurred in 2001. Statistics indicated that more than 535,000 people have been killed either by natural or by man-made disasters in the last few decades (Cutter, 2003) . Losses of the property have been estimated to be more than $648.0 billion as a result of collapsing or direct damaging of assets, infrastructures, and crops (Cutter, 2003) . This significant losses of lives and properties that are associated with the various types of the crises disclose the necessity to establish a prescribed system leading the community for how it should respond to these crises. This system is normally referred to as the emergency response cycle (Fig. 3) . This concept will be discussed and applied on the fire event that occurred in the Sheraton Exchange Center in 2006.
In the paradigm of the emergency response cycle, three phases of actions can be defined which are the rescue and relief phase, the recovery and reconstruction phase, the mitigation and preparedness phase. The rescue and relief phase includes the initial responses once the crisis occurred. The rescue and relief phase is a short-term process extending from hours, days, to weeks. In this phase, the integration of GPS, GIS and remote sensing can help the emergency managers define the shortest path for accessing the location of the fire event and compile the quick damage estimates (Ramsey et al., 2001) . When a crisis event takes place in a certain location, the rescue and relief teams are the first responders to that event. The geospatial information are very essential during the crisis times in order to quickly locate the crisis location and carry out a preliminary assessment of the damages occurred due to that crisis. The first responders usually get informed by the crisis event by receiving a phone call regarding the crisis location. Once the crisis event has been located, the emergency managers or the Emergency Operation Center (EOC) can use the GIS system along with the geospatial data, to quickly locate the nearest fire station to hazardous location, and then calculate the shortest path from the selected fire station to the destination (location of the fire event). Assuming that the fire-fighting station has a powerful GIS system including integrated geospatial database along with the hardware, software, and well trained GIS analyst, the first response to the fire event is accessing the location of the fire. This requires analyzing the geospatial data for identifying the location of the fire-fighting stations and for defining the shortest path. GIS analytical tool such as the Path Selection operation can use the Network Analyst to identify the shortest path for accessing the fire location. Analyzing the geospatial database, it is possible to conclude that there are three fire stations located in the northwest of the fire location at the Sheraton Exchange Center. Applying the path selection operations, three paths can be defined: path one is at a distance of 4.1 km and accessibility time of 45 min; path two is at a distance of 4.3 km and accessibility time of 55 min; and path three is at a distance of 5.9.3 km and accessibility time of 38 min (Fig. 4 ). The emergency manager can then determine quickly as to which fire station team should move to the fire location and which path should be followed.
To assess the spatial extent of the fire event, the emergency manager can use the already established GIS system and its powerful analytical tools to compile a quick damage estimate using the buffer analytical tool (Fig. 5) . The extent of the buffer zone is normally determined based on the in situ reports that are immediately received by phone calls. After the rescue and relief teams access the location of the fire event, they can immediately begin the rescue and relief operations. Concurrently, they can use the handheld device (the PDA) and the GPS for delineating and updating the previously defined spatial extent of the hazard areas as buffer zone. The field user can then open the GIS ArcPAD to remotely access the geospatial data at the server-side in the emergency operation center using the Wi-Fi communication facility (Fig. 6a-c) . While moving around in the field, the GPS is used to collect the coordinates that delineate the updated spatial extents of the fire ( Fig. 6d-f) . The collected coordinates are finally transmitted back into the server-side using the ActiveSync program (Fig. 6g) . Eventually, these coordinates can be displayed in front of the emergency manager at the Emergency Operation Center (EOC) over the other GIS layers of the already established geospatial data services (Fig. 6h) . Similar approaches can be proposed in both the recovery and the reconstruction phase and in the mitigation and preparedness phase.
The recovery and reconstruction phase extends from months to years. In this phase, the communities are rebuilt in terms of buildings and infrastructures in the aftermath of the crisis. After the crisis, significant changes in the landscape (landuse, infrastructures, landforms, geology . . . , etc.) had occurred. Accordingly, the spatial data of the already established geospatial system should be reconfigured and updated. The mobile field-based GIS represents a very potential tool Figure 5 Defining a preliminary spatial extent of the fire event using the GIS buffer tool and transmitting the buffer zone into the PDA in the field. Figure 6 An example of integrating the various the mobile field-based GIS components at the client-side, communication ports, and server side for delineating the hazard zone around the location of the fire event. A, B, and C show data access, data management, and data display by the ArcPAD at the client-side. D, E, and F show updating the new spatial extent of the hazard zone using the GPS and the edit tools of the ArcPAD. G shows the wireless synchronization process for transmitting the new hazard zone into the server side H. to monitor land use, delineate transportation routes for potential evacuations, and re-delineate hazard zones based on new knowledge or changes in the natural or human-use systems (Greene, 2002) . Using the same procedure followed in the rescue and response phase (Fig. 6) , the mobile field-based GIS can efficiently be used in mapping and documenting the detailed land use around the location where the fire event occurred, and accordingly re-delineate the hazard zone of this event for final damage estimates.
The mitigation and preparedness phase follows the recovery and reconstruction phase for the purpose of reducing the site vulnerability against the future crisis along with developing preparedness plans. For these purposes, GIS-based vulnerability assessment is now emerging in various fields of applications that integrate both social and biophysical indicators of vulnerability at specific places (Cutter et al., 2000; Wu et al., 2002) . However, applying these concepts in the community represents a challenge even in the highly modernized communities (Cutter, 2003) . The challenge emerges basically as a result of two main issues which are the technical issues and the behavioral issues (Cutter, 2003) . The technical issues include data sharing, interoperability, power sources, and human resources which are often insurmountable and pose major constraints on the use of GIS for achieving the various tasks of the emergency response cycle (Cutter, 2003) . The behavioral and social issues include the inadequate training and the aversion to technology and the ''culture'' of the response community itself limits the adoption of GIS techniques in disaster and emergency management (Cutter, 2003) .
Conclusion
The mobile field-based GIS can play a critical role in the crisis management process through the integration of the components of the server-side, the wireless communication facility, and the client-side in the field. However, this should be carried out through a well-established system design and applying a concise conceptual framework. Along with the prescribed system and the conceptual framework, the various steps that should be undertaken in the various phases of the emergency response cycle should be defined clearly for defining and conducting their equivalent GIS functions and operations. In this context, we did propose various actions that could be conducted in the rescue and response phase which are the path selection and the determination of the spatial extents of hazard zone around the fire location. Similar approaches can be defined in the recovery and reconstruction phase and the mitigation and preparedness phase. However, using the mobile fieldbased GIS in the crisis management process as a whole and in managing the fire event in particular basically requires capacity in building the various fields of geo-informatics such as the organization of the comprehensive geospatial database at fine resolution, hardware, software, and qualified trainees.
